The purpose of this paper is to present the results of the feasibility study for a district heating-cooling network to cover the energy demand in a Science and Technology Park under Mediterranean climate conditions. To evaluate the energy demand a bottom-up strategy has been followed: a building inventory has been carried out to define several building types according to use, envelope and glazing. Energy + has been used to obtain heating and cooling demand profiles for each building type and orientation. According to municipal development plans for PTA and forecast in business growth, the energy demand evaluation in a 10-years timeframe has been carried out.
Introduction
Currently, as a result of improved quality of life for both, developed and developing countries, global energy demand grows at very high rates. For this reason, the responsible use of energy resources is crucial for a sustainable model to ensure power supply without compromising the natural resource depletion.
Energy system, as known today, is responsible for large energy losses. These losses result from the different transfer processes taking place from production to consumption points, resulting in an overall process inefficient.
Within this framework, district heating and cooling, DHC in advance, is an alternative technology that improves power distribution processes as it is a local generation technology, and allow to incorporate different sources of energy supply (CHP, use of waste heat or solar thermal), thus constituting a technology that increases the efficiency of the complete cycle generation-consumption. This paper presents the feasibility study of a DHC network to supply thermal energy to a group of companies located in Technology Park located in Málaga (Spain). It is remarkable the adaptation of this technology to Mediterranean climates in which winters are mild.
Methodology

Demand characterization
Energy demand evaluation is the starting and the most critical point to face a problem of this type, since it allows to determinate which are the heating and cooling needs in the consumption points to supply. The complexity in determining the demand for air conditioning in a group of buildings is not easy because the modelling a set of buildings is a complex tax. Several authors, such as Gustafsson [4], Heiple [5] , Huang [6] , Pedersen [7] or Segen [8] have developed various methods to solve this problem. In these papers, two types of strategies for estimating the demand could be found:
Top-down strategy: it is based on statistical methods for predicting the demand for a set of buildings based on aggregate data in large communities (cities or regions). Under this approach Pedersen [7] presents a method for calculating the demand for heat and electricity power planning adapted to large areas where heat demand is based on a regression analysis that uses the outdoor temperature as independent variable. Bottom-up strategy: this case is the opposite that previous method, ie the starting point in this case is the estimated demand of different building types and total demand is calculated as the sum of the demands of each of the buildings that comprise. An inventory of buildings that are in the area of study is needed to use this method because each building is assigned to a "building type" that will carry the energy demand mean values. Mathematically:
Where A is the net surface in each building, EUI j is annual energy demand for each building type (M different types) and P ij is the matrix that set the relation between net building surface and building type.
Heiple [5] , Huang [6] and Segen [8] have developed methods based on statistical data and numeric simulations with the aim of getting energy demand profiles for a set of buildings according to their location, envelope and use. In the same line, Chow [9] addresses the design of a distribution network by simulating energy demand for each building type using EnergyPlus [21] and analysing global system with TRNSYS software [22] .
In this case, a bottom-up strategy has been chosen. Although it is unknown use and type of each actual building, it is known the surface of the extension (651,334 m 2 ), the % of the area for each use, the net area of each parcel and it is known that the type of construction is not very different from the buildings that are currently operating in the PTA (according to the municipal development plan). A deep study has been developed for the buildings currently in the PTA to get the main characteristics that define each building type and that will allow to define the thermal behaviour of the new buildings, the characteristics that have been identified are:
• Envelope characteristics.-due to the large variety used in PTA, the minimum values according to actual laws have been taking.
• Glass surface.-Up to three categories based on the % of glass in the façade have been defined: low glazing (<10%), medium glazing (10-75%) and high glazing (>75%).
• Orientation of buildings.-defined by the final orientation of the building.
• Use.-considering the current business in PTA and the allocation for the several uses according to the partial plan, the following uses have been defined: hotel with shopping centres, babysitting, light industry and offices.
Several building types have been developed using Energy Plus based on these characteristics, this has allowed to obtain the hourly profiles for heating and cooling demand of each of them. In order to ensure the model convergences, the following conditions have been established:
• Load and temperature convergence tolerance value: 0,1.
• Heat balance algorithm: conduction transfer function [20] .
The results obtained with the simulations have been validated and adjusted to reference values for the same purpose buildings that have been previously published by other authors [10] , [11] and [12] . For instance Once the different models of buildings have been adjusted in terms of thermal behaviour, the possible location of different types of building have been allocated according to the uses defined in the partial plan and the main characteristics of actual buildings in the PTA. This division has allowed evaluating the total demand of all buildings according to equation 1.
Another point considered in the analysis of the demand is the change in the occupation of parcels over time, this analysis will reveal the annual demand of thermal energy and thus affect the economic valuation of the proposed solutions. It has estimated by regression techniques based on the evolution experienced by PTA from its inception to the present. The result is shown in Figure 1 : 
The energy demand values for each type of building together with the annual distribution of occupation of parcels allow to establish energy demand scenarios with a horizon of 10 years and make a more realistic assessment and economic valuation of the investments required.
Distribution system design has been calculated using peak demand values. DHC network is composed by a set of infrastructures that allow getting energy from producer to end-users. The design has been done considering the peak demand in year 10 because the infrastructure will not change during the entire period of operation thereof. The following components have sized: pipes, accumulation tank and pumping equipment.
Generation technology alternatives
After presenting the methodology for calculating demand, next question to ask is how the needed energy will be generated to cover the estimated demand. TRNSYS software will be used to study the different generation technologies; this will help to evaluate the efficiency and consumption parameters. The convergence of the models developed in TRNSYS to study the different technologies has been ensured by mean of energy balances. These balances guarantee good results from the models.
Previously, different technologies have been analyzed based on the work of Cardona [13] , Marimon [14] , Ortiga [15] and Söderman [16] ; this analysis has permitted to reject those technologies that do not properly fit for the future expansion of the PTA and to work in-depth analysis of those technologies that fit better. Technologies that have been discussed are:
Biomass boiler.-the system includes a 20 MW biomass boiler for hot water production that feeds heating network, and the cooling-generating system. As support systems a 9 MW gas boiler and 6 MW electric chillers is selected.
CHP.-cogeneration gas turbine and reciprocating internal combustion engine (ICE in advance) are the two types of systems that has been analysed, in both cases a 2 MW rated power equipment has been selected. Sizing has been performed considering the recommendations made by Cardona [13] , Ortiga [15] and Söderman [16] , using that system that maximizes the area under the aggregate demand curve. Besides Spanish legislative frame [18] should be ensured. The 2 MW rated power guarantees both the system efficiency and the legislative requirements. In both cases, use waste heat from the engine or exhaust gases to generate useful heat will be used to heat water that will allow, in one hand, meet the demand for heating and hot water, and in the other hand, feed the cooling-generating system. As support systems a 9 MW gas boiler and 6 MW electric chillers is selected.
Waste treatment.-this technology has not been considered because there is no waste treatment plant close to the park that could serve as energy source to feed the DHC network. Solar thermal energy.-it has not been considered as an alternative in order to supply the energy required. Both, the high costs associate with this technology and the high free spaces required mean that technology economically unfeasible (Bruno [17] ).
Cooling generation technology.-double effect LiBr-water absorption chillers technology has been selected to cover cooling demand; this choice has been based on the analysis of advantages and disadvantages conducted by Marimon [14] . In all cases, a double effect absorption (BROAD 500) of 5.8 MW cooling capacity has been selected for cold water production. Additionally a water tank of 15,000 m 3 has been selected.
Finally, this paper has been focused on biomass boiler and CHP technology, these three technologies have been evaluated and compared with using conventional technologies, in which the cooling demand is satisfied by chillers and demand heating is covered by a gas boiler.
The following ratios are considered to quantify the results of the different technologies modelled in this paper:
For CHP technologies the following ratio will be used: ATE artificial thermal efficiency defined as:
Net primary energy consumption (NPEC).-it's defined to compare different technologies consumption rates. The mathematical expression for NPEC is:
where C 1 and C i are the conversion coefficients for final energy (electric, gas and biomass) to primary energy in Spain; its values are 2,67, 1,06 y 1,25 respectively [19] .
COP instlallation defined as:
These ratios will allow, in one hand, ensuring that minimum standards required by Spanish Royal Decree 661/2007 [18] are met and, in the other hand, knowing the overall performance of the system. This will facilitate the subsequent economic evaluation.
Economic analysis
The economic analysis has been performed considering the following topics:
• Depreciation cost for investments.
• Maintenance cost.
• Operating cost (energy, human resources, overall costs).
• Revenues from energy sales.
These topics have permitted to evaluate investments in terms of return on investment (ROI in advance), payback period and cumulative cash flow.
Results
Results obtained in the evaluation of demand, technology and economic assessment are as follows:
Energy demand and DHC Network design parameters. Hourly profiles were obtained for heating and cooling demand in all buildings under study, considering the evolution of demand along the time as the occupation of the parcels is increasing. The monthly annual evolution for heating and cooling demand in the first 6 years is shown in Figure 2 . It has been supposed that new buildings will be operative in the first six years. So, for years 7 to 10, the demand does not suffer modifications.
Fig 2. Cooling and heating demand evolution
As we can see, the cooling demand is highly reduced in August, since has been estimated the vacation period in this month.
In figure 3 the aggregate demand curve for heating and cooling in the year 10 is shown, this curve is very useful for sizing CHP equipment.
Fig 3. Aggregated demand curve for cooling and heating
As it is shown in the above figures, peak demand for year 10 has been set to 7.77 MW for heating and 12.22 MW for cooling. With those maximum power values and considering a temperature drop for heating of 30 ºC and 8 ºC for cooling, the maximum network flow is obtained: 61.8 kg/s for heating and 364.6 kg/s for cooling. These values along with the requirements of pressure loss in the network, and energy loss have led to size the diameter and thickness of insulation for the main pipe network and pumping system. Table 2 shows the design values of each of the components: Table 3 show the results for technologies performance ratios calculated using TRNSYS. Table 4 show the economic analysis for each of the technologies evaluated and figure 4 show cumulative cash flow for each technology: As it could be seen in table 5, the technology that offer the minimum pay back period is the Gas ICE following by the Gas Turbine, this fact is consequence of the electricity production associate with those technologies that offer economical benefits. For Gas ICE, the benefits begin to be positive since year 8. It is obvious that infrastructure costs are very high in DHC. Economic figures are critical in the early years when buildings begin to establish in the technology park network and the energy demand is low.
Technologies evaluation
Economic analysis
The economic results showed support the implantation of a DHC network under the considerations done. The limitation for the feasibility resides in the future evolution of the new building openings. In this case the funding model of this type of technology must go through a public-private hybrid model in which the government support with soft credits to be repaid at the rate of new companies in the PTA are incorporating to DHC network, it will help owner company to obtain an acceptable incomes in the early years of operation. 
